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difference between the measured temperature of the gas and 
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MASS FLOW CONTROLLER On the other hand , in case of what is called a normally open 
type flow control valve , the valve opening is maximum and 

CLAIM OF PRIORITY UNDER 35 USC § 371 the flow rate of the gas also becomes maximum when the 
intensity of the control signal ( voltage intensity or electric 

The present Application for Patent is a National Phase of 5 current intensity ) is minimum , while the valve opening 
International Patent Application No . PCT / JP2016 / 076681 , becomes minimum ( for example , zero ) and the flow rate of 
filed Sep . 9 , 2016 , which claims priority to JP Patent the gas also becomes minimum ( for example , zero ) when 
Application No . 2015 - 179223 , filed Sep . 11 , 2015 , both of intensity of the control signal is maximum . Thus , the valve 
which are assigned to the assignee hereof and hereby opening of the flow control valve is changed depending on 
expressly incorporated by reference herein . 10 the intensity of the control signal , and the flow rate of gas 

passing through the flow control valve also changes . The 
TECHNICAL FIELD control means can perform feedback control , in which the 

flow rate of gas measured by the flow meter is used as a 
The present invention relates to a mass flow controller controlled variable , as a method for controlling the flow rate 

which can be suitably used for semiconductor manufactur - 15 of gas . 
ing equipment , etc . When a valve opening of a normally closed type flow 

control valve is changed by using a piezoelectric element , 
BACKGROUND for example , the valve opening is proportional to voltage 

intensity impressed to the piezoelectric element . For 
A mass flow controller is widely used for the purpose of 20 example , in a case where the voltage intensity impressed to 

controlling a flow rate of gas supplied to semiconductor the piezoelectric element is a maximum value ( 50 V ) and the 
manufacturing equipment , or starting or stopping supply of flow rate of gas at that time is 1 slm ( standard litter per 
gas etc . , for example . The mass flow controller comprises a minute ) when the valve opening is maximum , the valve 
flow control valve , a flow meter and a control means . opening will become 50 % of the maximum value and the 

A valve opening of the flow control valve is changed 25 flow rate of the gas will become 0 . 5 slm when the voltage 
( increased and decreased ) according to a control signal intensity impressed to the piezoelectric element is set to 25 
which the control means outputs . Here , the “ valve opening " V ( 50 % of the maximum value ) . On the other hand , when a 
means a value corresponding to a cross - sectional area of the valve opening of a normally open type flow control valve is 
narrowest part of a path through which gas passes inside the changed by using a piezoelectric element , the valve opening 
flow control valve . The valve opening of the flow control 30 becomes maximum when the voltage intensity impressed to 
valve is controlled so as to become an arbitrary value the piezoelectric element is zero , and the valve opening 
between the minimum value ( for example , zero ) correspond becomes smaller as the voltage intensity impressed to the 
ing to the minimum value of the above - mentioned cross piezoelectric element increases . For example , in a case 
sectional area and the maximum value corresponding to the where the minimum voltage intensity impressed to the 
maximum value of the above - mentioned cross - sectional 35 piezoelectric element for making the valve opening to zero 
area . When the valve opening is the minimum value ( for is 50 V , the valve opening will become 50 % of the maximum 
example , zero ) , gas does not flow . When the valve opening value and the flow rate of the gas will become 0 . 5 slm when 
is maximum , a flow rate of gas , which the mass flow the voltage intensity impressed to the piezoelectric element 
controller supplies , becomes maximum . is set to 25 V . In addition , the correspondence relation 

The flow meter measures a flow rate of gas which passes 40 between the voltage intensity impressed to the piezoelectric 
through the flow control valve . Generally a calibrating element intensity of the control signal ) and the valve 
( calibration ) of the flow meter is performed using reference opening , which was shown in the above - mentioned expla 
gas ( for example , nitrogen gas ) at a certain reference tem - nation , is only an example , and the scope of the present 
perature ( for example , 22° C . ) . When controlling a flow rate invention is not limited by those specific numerical values . 
of gas of a different kind from the reference gas , an error 45 
occurs in the flow rate of the gas measured by the flow meter SUMMARY 
since physical properties ( for example , specific heat , etc . ) of 
the gas are different from physical properties of the reference Amass flow controller according to and aspect comprises 
gas . In this case , the error can be corrected using the a flow control valve configured such that a valve opening of 
conversion factor ( CF ) acquired beforehand for each kind of 50 the flow control valve can be changed , a flow meter con 
gas ( see for example , Japanese Patent Application Laid - figured to measure a flow rate of gas passing through the 
Open ( kokai ) No . H08 - 54268 ) . Moreover , when temperature flow control valve , and a control means configured to output 
of the gas is different from that of the reference temperature , a control signal to said flow control valve to control said 
the flow rate of the gas measured by the flow meter can be valve opening . The control means is configured to perform 
corrected based on the temperature of the gas ( see for 55 flow rate control in which the control means outputs the 
example , Japanese Patent Application Laid - Open ( kokai ) control signal to the flow control valve to control the valve 
No . 2004 - 93174 ) . opening such that a measured flow rate which is a mass flow 

The control means outputs a control signal to the flow rate of the gas measured by the flow meter matches a set flow 
control valve to control the valve opening such that a flow rate as a target value of a mass flow rate of the gas . 
rate of gas measured by the flow meter matches a set flow 60 Furthermore , the mass flow controller includes a ther 
rate . In case of what is called a normally closed type flow mometer configured to measure temperature of the gas . In 
control valve , the valve opening becomes minimum ( zero ) addition , the control means is configured to perform signal 
and the flow rate of the gas also becomes zero when intensity correction processing in the above - mentioned flow rate 
of the control signal ( voltage intensity or electric - current control . In the signal correction processing , when the mea 
intensity is minimum ( zero ) , while the valve opening is 65 sured temperature is higher than the reference temperature , 
maximum and the flow rate of the gas also becomes maxi - the control means adjusts the control signal such that an 
mum when the intensity of the control signal is maximum . absolute value of a change amount of the valve opening in 

ar 
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the above - mentioned flow rate control becomes larger as an FIG . 2 is a graph for showing an example of a response 
absolute value of temperature difference which is a differ - waveform of a mass flow controller in Working Example 1 . 
ence acquired by subtracting a predetermined reference FIG . 3 is a graph for showing an example of a response 
temperature from measured temperature which is tempera - waveform of a mass flow controller in Working Example 2 . 
ture of the gas measured by the thermometer becomes larger . 5 
On the other hand , when the measured temperature is lower DETAILED DESCRIPTION 
than the reference temperature , the control means adjusts the 
control signal such that the absolute value of the change Technical Problem 
amount of the valve opening in the above - mentioned flow 
rate control becomes smaller as the absolute value of the 10 As mentioned above , in accordance with conventional 
temperature difference becomes larger . The control signal technologies , as for a flow meter , it is possible to acquire an 
adjusted in this way may be referred to as a “ corrected accurate flow rate of gas by correcting a flow rate of the gas 
control signal ” hereafter . measured by the flow meter based on temperature of the gas , 

Because the adjusted control signal ( corrected control even in a case where the temperature of the gas passing signal ) is output to the flow control valve , the valve opening 15 through the mass flow controller is different from reference of the flow control valve is adjusted such that a deviation of temperature at which the flow meter was calibrated . How the flow rate of the gas due to the difference between the ever , as for a valve opening of a flow control valve , measured temperature and the reference temperature is 
eliminated . As a result , since the gas flows in a state where temperature change of gas is not considered particularly . As 
the valve opening of the flow control valve is more suitably 20 a res ve is more suitably 20 a result , even in a case where a valve opening is constant , a 
controlled immediately after a startup of the flow rate mass flow rate of gas passing through a flow control valve 
control , a problem that response time changes depending on decreases since density of the gas decreases when tempera 
the temperature of the gas is reduced . ture of the gas rises , while the mass flow rate of the gas 

According to another aspect , the flow control valve is passing through the flow control valve increases since the 
configured such that the valve opening becomes larger as 25 density of the gas increases when temperature of the gas 
intensity of the control signal becomes larger . In this case , falls . 
the control means is configured to set , as a value of the Even in a case where a change occurs in the density and 
intensity of the corrected control signal , a value acquired by mass flow rate of the gas passing through the flow control 
adding a value acquired by multiplying a value of the valve by the temperature change of the gas as mentioned 
temperature difference by a temperature correction coeffi - 30 above , it is possible to control the mass flow rate of gas by 
cient , to a value of intensity of an unadjusted control signal , feedback control so as to match a set flow rate as long as the 
in the above - mentioned signal correction processing . Alter - mass flow rate of the gas measured by the flow meter is 
natively , the flow control valve is configured such that the correctly corrected based on the temperature of the gas . 
valve opening becomes larger as intensity of the control However , when the temperature of the gas change , time 
signal becomes smaller . In this case , the control means is 35 which is required for the flow rate of the gas to rise up 
configured to set , as a value of the intensity of the corrected ( response time ) changes when the set flow rate is changed 
control signal , a value acquired by subtracting a value from zero to a value other than zero , for example . In this 
acquired by multiplying a value of the temperature differ - case , for example , the response time when the temperature 
ence by a temperature correction coefficient , from a value of of the gas is higher than the reference temperature becomes 
intensity of an unadjusted control signal , in the above - 40 longer as compared with the response time when the tem 
mentioned signal correction processing . In accordance with perature of the gas is the reference temperature . On the 
such configurations , the intensity of the control signal can be contrary , the response time when the temperature of the gas 
adjusted ( signal correction processing can be performed ) is lower than the reference temperature becomes shorter as 
through an easy procedure . compared with the response time when the temperature of 

In another embodiment , the control means is configured 45 the gas is the reference temperature . For this reason , since a 
to perform the flow rate control by what is called feedback timing , at which the gas is actually supplied to semiconduc 
control . Specifically , the control means is configured to tor manufacturing equipment , changes in accordance with 
bring a flow rate difference which is a difference acquired by the temperature of the gas , it may lead to a problem with 
subtracting the measured flow rate from the set flow rate quality management , etc . , for example . 
close to zero by changing intensity of the control signal 50 Embodiments of the present invention discussed below 
when the absolute value of the flow rate difference is a have been made in view of the above - mentioned problem , 
predetermined threshold or more . and one objective of the present invention is to provide a 

Furthermore , in the above - mentioned embodiment , the mass flow controller which can reduce a change of response 
intensity of the control signal in the above - mentioned flow time in varying of a valve opening of a flow control valve 
rate control may be configured as a sum of an initial value 55 even in a case where temperature of gas is different from a 
determined based on the set flow rate and the measured reference temperature . 
temperature and a compensation value determined based on 
the flow rate difference . In this case , the control means may Advantageous Effects of Invention 
be configured to perform the signal correction processing 
only on the initial value and not to perform the signal 60 In accordance with the present invention , even in a case 
correction processing on the compensation value . where the temperature of the gas is different from the 

reference temperature , since the valve opening of the flow 
BRIEF DESCRIPTION OF DRAWINGS control valve can be controlled to a value with consideration 

for change of density of the gas due to the temperature 
FIG . 1 is a conceptual diagram for showing an example of 65 difference , change of response time due to the temperature 

a configuration of a mass flow controller according to the of the gas can be reduced . Namely , in accordance with the 
present invention . present invention , a mass flow controller wherein change of 
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response speed on changing a valve opening of a flow 
control valve due to temperature of gas is reduced can be 
provided . 

control valve 2 such that the mass flow rate of the gas 
received from the flow meter 3 as an input signal matches 
the set flow rate ( refer to a solid line arrow shown in FIG . 
1 ) . 

DESCRIPTION OF EMBODIMENTS 5 For example , the control means 4 outputs the control 
signal 6 for increasing the valve opening when the mass flow Embodiments for implementing the present invention will rate of the gas is less than the set flow rate , and outputs the 

be explained hereafter referring to drawings . However , the control signal 6 for decreasing the valve opening when the embodiments explained hereafter merely exemplify embodi mass flow rate of the gas is more than the set flow rate . For ments of the present invention , and embodiments of the 10 example , when a piezoelectric element is used as the valve present invention are not limited to the embodiments exem opening - and - closing means 2a , the control signal 6 is spe plified hereafter . 
FIG . 1 is a diagram for showing an example of a con cifically a voltage signal , and when a solenoid coil is used 

figuration of a mass flow controller according to the present as the valve opening - and - closing means 2a , the control 
invention . FIG . 1 is a conceptual diagram for showing a 15 $ 191 ing a 15 signal 6 is specifically an electric - current signal . 
logical relation between members constituting a mass flow The control means 4 can be constituted by well - known 
controller according to the present invention , and does not hardware and software . For example , the control means 4 
express a physical spatial relation between respective mem - may be constituted by a central processing unit ( CPU ) and 
bers . As shown in FIG . 1 , a mass flow controller 1 according a memory , etc . on a control circuit board disposed inside of 
to the present invention comprises a flow control valve 2 , a 20 the mass flow controller 1 , and may be constituted by an 
flow meter 3 , and a control means 4 . Gas flows from the external computer electrically connected with the mass flow 
left - hand side toward right - hand side in FIG . 1 through a controller 1 . 
path 7 prepared in the mass flow controller 1 ( refer to an A well - known control technology can be used to adjust 
outlined white arrow shown in FIG . 1 ) . the control signal 6 such that the flow rate of the gas matches 

The flow control valve 2 is configured such that its valve 25 the set flow rate as a target value . As a specific example of 
opening can be changed ( increased and decreased ) by a such a well - known control technology , feedback control in 
valve 2b driven by a valve opening - and - closing means 2a . which the output the control signal 6 is corrected based on 
The valve 2b is disposed in the path 7 of the gas , and a flow the difference between the measured flow rate of the gas and 
rate of the gas flowing through the path 7 is controlled the set flow rate ( including a PID action ) and what is called 
depending on the valve opening of the valve 2b , as men - 30 feedforward control in which the control signal 6 is output 
tioned above . only based on the set flow rate without being based on the 

Although the valve 2b may have any structures as long as flow rate of the gas measured by the flow meter 3 , etc . can 
the flow rate of the gas can be controlled by opening and be mentioned , for example . 
closing of the valve , a diaphragm valve is used generally in The mass flow controller 1 according to the present 
a mass flow controller . In case of a diaphragm valve , gas 35 invention further comprises a thermometer 5 . The thermom 
flows to a downstream side from an upstream side through eter 5 is configured to measure temperature of the gas . 
a gap between a diaphragm and a valve seat . A value Although the thermometer 5 may have any configuration as 
corresponding to a cross - sectional area of the gap between long as the temperature of the gas can be measured , it is 
the diaphragm and the valve seat ( for example , a ratio of a preferable to be a configuration which can detect without 
cross - sectional area to a maximum cross - sectional area , etc . ) 40 delay change of the temperature of the gas flowing through 
comes to be the valve opening . The valve opening - and - the path 7 . The thermometer 5 may be disposed in any 
closing means 2a is a means to drive the valve 2b to change position in the path 7 . However , when there is a non 
( increase and decrease ) the valve opening and , specifically , negligible difference between temperatures of gas at loca 
a piezoelectric element and a solenoid coil , etc . can be tions in the path 7 of the mass flow controller 1 , it is 
mentioned , for example . 45 desirable to dispose the thermometer 5 in a position as close 

The flow meter 3 is configured to measure a mass flow as possible to the valve 2b in the light of the objective of the 
rate of the gas passing through the flow control valve 2 . The present invention . 
flow meter 3 is disposed in the path 7 . In FIG . 1 , although In the present invention , the control means 4 is charac 
the flow meter 3 is disposed on an upstream side of the flow terized by outputting the control signal 6 adjusted such that 
control valve 2 , the flow meter 3 may be disposed at any 50 a deviation of the flow rate of the gas passing through the 
position in the path 7 as long as a mass flow rate of the gas flow control valve 2 due to the difference between density of 
flowing through the path can be measured . As the flow meter the gas at measured temperature and density of the gas at 
3 , a mass flow meter which has a well - known structure , such reference temperature is eliminated , when the measured 
as a thermal type flow meter and a pressure type flow meter , temperature of the gas is different from the reference tem 
for example , can be used . 55 perature . Here , the “ measured temperature ” means tempera 

The control means 4 is configured to control the valve ture of the gas measured by the thermometer 5 . The ther 
opening by changing intensity of a control signal 6 output to mometer 5 outputs the measured temperature as an output 
the flow control valve 2 such that the mass flow rate of the signal to the control means 4 ( refer to a broken line arrow 
gas measured by the flow meter 3 matches a set flow rate . shown in FIG . 1 ) . 
Here , the " set flow rate ” is a target value of the flow rate of 60 Specifically , the control means 4 receives the measured 
the gas passing through the flow control valve 2 , and a user temperature output from the thermometer 5 as an input 
of the mass flow controller 1 can input the “ set flow rate ” signal , and compares the measured temperature with the 
with an input means , which is not shown , into the control reference temperature . Here , the " reference temperature ” 
means 4 . The control means 4 receives the mass flow rate of means temperature of the gas when calibration of the flow 
the gas measured by the flow meter 3 as an input signal ( refer 65 meter 3 was performed using reference gas ( for example , 
to a long dashed short dashed line arrow shown in FIG . 1 ) . nitrogen gas ) . For example , the reference temperature is 22° 
The control means 4 outputs the control signal 6 to the flow C . When the measured temperature is different from the 
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reference temperature as a result of this comparison , the means 4 performs is feedback control , but the same effec 
control means 4 adjusts the intensity of the control signal 6 . tiveness can be obtained also when the control is feedfor 

Adjustment of the intensity of the control signal 6 by the ward control . 
control means 4 is performed such that the deviation of the In a preferable embodiment of the present invention , the 
flow rate of the gas passing through the flow control valve 5 flow control valve 2 is configured such that the valve 
2 resulting from the difference between the density of the gas opening becomes larger as the intensity of the control signal 
at the measured temperature and the density of the gas at the 6 becomes larger . In this case , the control means 4 is 
reference temperature and may be eliminated . As mentioned configured to set , as a value of the intensity of the corrected 
above , even when pressure of gas passing through a flow control signal , a value acquired by adding a value acquired 
control valve and a valve opening are constant , density of " by multiplying a value of the temperature difference by a 
the gas changes depending on temperature . For this reason , temperature correction coefficient , to a value of intensity of 
in a case where the measured temperature of the gas is an unadjusted control signal 6 ( control signal 6 before the 
different from the reference temperature , a mass flow rate of adjustment ) , in the above - mentioned signal correction pro 
the gas passing through the flow control valve per unit time 15 cessing . Alternatively , the flow control valve 2 is configured 
comes to be a value different from a mass flow rate when such that the valve opening becomes larger as the intensity 
temperature of the gas is the reference temperature , even of the control signal 6 becomes smaller . In this case , the 
when the valve opening is constant . control means 4 is configured to set , as a value of the 

Therefore , the control means 4 adjusts the intensity of the intensity of the corrected control signal , a value acquired by 
control signal 6 such that change of the mass flow rate 20 subtracting a value acquired by multiplying a value of the 
resulting from the difference in the density of the gas due to temperature difference by the temperature correction coef 
the difference in temperature is cancelled ( negated ) . For ficient , from a value of intensity of an unadjusted control 
example , since the density of the gas becomes lower than the signal 6 ( control signal 6 before the adjustment ) , in the 
density at the reference temperature when the measured above - mentioned signal correction processing . 
temperature is higher than the reference temperature , the 25 Here , the “ temperature correction coefficient ” means a 
control means 4 outputs the control signal 6 with the fixed coefficient set so as to cancel ( negate ) the change of the 
intensity adjusted such that the valve opening becomes mass flow rate resulting from the difference in the density of 
larger than the valve opening at the reference temperature . the gas due to the difference in the measured temperature of 
On the contrary , since the density of the gas becomes higher the gas . By adjusting the intensity of the control signal 6 in 
than the density at the reference temperature when the the 30 this way , calculation becomes easier , and it is effective 

especially when the density of the gas can be approximated measured temperature is lower than the reference tempera 
ture , the control means 4 outputs the control signal 6 with the with a primary function of temperature . 

The temperature correction coefficient can be acquired intensity adjusted such that the valve opening becomes theoretically . For example , since a coefficient of cubic 
smaller than the valve opening at the reference temperature . 35 expansion of ideal gas under a constant pressure is 1 / 273 per More particularly , the control means 4 is configured to o C . = 0 . 37 % , this value can be used as the temperature perform signal correction processing in the above - men correction coefficient . Moreover , the temperature correction 
tioned flow rate control when the measured temperature is coefficient can also be acquired experimentally . For 
different from the reference temperature . The “ signal cor - example , difference in actually measured values of the 
rection processing " means processing in which the intensity 40 control signal 6 between when the flow rate of the gas at the 
of the control signal 6 is adjusted such that an absolute value reference temperature is stable and when the flow rate of the 
of a change amount of the valve opening becomes larger as gas at the measured temperature different from the reference 
the measured temperature becomes further higher than the temperature is stable is experimentally acquired for each of 
reference temperature , the absolute value of the change different levels of set flow rates , and an average value of the 
amount of the valve opening becomes smaller as the mea - 45 values of the difference can be used as the temperature 
sured temperature becomes further lower than the reference correction coefficient . 
temperature , and the control signal 6 adjusted in this way is In accordance with the inventor ' s investigation , the mini 
output as the corrected control signal . mum value of the temperature correction coefficient experi 

Thus , in accordance with the mass flow controller accord - mentally acquired in Working Example 1 which will be 
ing to the present invention , since the control signal 6 50 mentioned later is 0 . 30 % / ° C . , the maximum value thereof 
adjusted depending on the measured temperature of the gas is 0 . 90 % / ° C . , and the average value thereof is 0 . 61 % / ° C . 
( corrected control signal ) is output to the flow control valve However , specific numerical value of the temperature cor 
2 , change of the response time can be reduced effectively rection coefficient may change depending on a design and 
even when the temperature of the gas is different from the specification of the mass flow controller . Therefore , when 
reference temperature . Therefore , even when the tempera - 55 implementing a more preferable embodiment of the present 
ture of the gas or the mass flow controller changes due to an invention , it is preferable to conduct an experiment for 
external factor , change of supply timing ( response time ) of specifying the temperature correction coefficient in the mass 
the gas to semiconductor manufacturing equipment , etc . can flow controller itself to be used or a mass flow controller 
be reduced effectively . having the same design and specification as those of the 

In the present invention , the adjustment of the intensity of 60 mass flow controller to be used . 
the control signal 6 is performed based on the difference in In another preferable embodiment of the present inven 
the density of the gas due to the difference between the tion , the control means 4 is configured to perform the 
measured temperature of the gas measured with the ther - above - mentioned flow rate control by what is called feed 
mometer 5 and the reference temperature regardless of a back control . Here , the “ feedback control ” means control in 
value the flow rate of the gas measured by the flow meter 3 . 65 which a flow rate difference which is a difference acquired 
Therefore , effectiveness of the present invention can be by subtracting the measured flow rate from the set flow rate 
obtained ( attained ) not only when control which the control is brought close to zero by changing the intensity of the 

ure 
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control signal 6 when the absolute value of the flow rate opening when the temperature of nitrogen gas was 60° C . 
difference is a predetermined threshold or more . was larger than the valve opening when the temperature of 

In accordance with the above , the mass flow rate of the nitrogen gas was 25° C . Although the amount of alteration 
gas can be certainly brought close to the set flow rate by per 1° C . of the control signal ( voltage ) had some variations 
feedback control while effectively reducing the change of 5 depending on the set flow rate and / or the primary pressure 
the response time , even when the measured temperature of of nitrogen gas , an average value thereof was 0 . 61 % / ° C . 
the gas is different from the reference temperature . Therefore , based on the result of this preliminary experi 

In the above - mentioned embodiment , the intensity of the ment , it is decided to set a value of the temperature correc 
control signal 6 in the above - mentioned flow rate control tion coefficient for these three kinds of mass flow controllers 
may be configured as a sum of an initial value determined 10 ( with the maximum flow rates of 0 . 1 , 5 and 50 slm ) to 
based on the set flow rate and the measured temperature and 0 . 60 % / ° C . 
a compensation value determined based on the flow rate Next , using the mass flow controller with the maximum 
difference ( difference acquired by subtracting the measured flow rates of 5 slm , the time changes of the flow rate of 
flow rate from the set flow rate ) . In this case , the control nitrogen gas ( response waveforms ) shown by the flow meter 
means 4 may be configured to perform the signal correction 15 when the primary pressure of nitrogen gas was set to 150 
processing only on the initial value and not to perform the kPa and the set flow rates were set to two levels of 100 % and 
signal correction processing on the compensation value . 50 % of the maximum flow rate were measured for two levels 

Specifically , for example , when the flow rate control of the temperature of nitrogen gas of 25° C . and 60° C . , 
which the control means 4 performs is what is called PID respectively . A response waveform when the set flow rate 
control and the control signal 6 is configured as the sum of 20 was 100 % is shown in FIG . 2 . 
the initial value and a PID compensation value , the adjust - The horizontal axis of FIG . 2 shows time [ s ] from a 
ment of the intensity of the control signal 6 based on the starting point ( zero ) when 100 % of the set flow rate is input 
measured temperature ( signal correction processing ) is per into the control means 4 . Moreover , the vertical axis shows 
formed only on the initial value and is not performed on the the set flow rate [ % ] and the measured flow rate [ % ] of 
PID compensation value . Here , the “ initial value ” of the 25 nitrogen gas measured by the flow meter . A graph expressed 
control signal 6 means a constant determined based on the by a solid line rectangle shows change of a value of the set 
set flow rate and the measured temperature , which is a flow rate . The set flow rate changes from 0 to 100 % when 
control signal first output to the flow control valve 2 after the time is zero , and it is being maintained at 100 % thereafter . 
set flow rate is changed ( from zero to a value other than zero , A solid line curve closest to the set flow rate shows a 
for example ) . Moreover , the “ PID compensation value ” 30 response curve when the temperature of nitrogen gas is 25° 
means a control signal for performing the PID control C . in the mass flow controller according to a Working 
performed based on the difference between the measured Example of the present invention . On the other hand , a 
flow rate and the set flow rate of the gas after the initial value broken line curve shows a response curve when the tem 
is output to the flow control valve 2 . perature of nitrogen gas is 60° C . in the mass flow controller 

While the feedback control ( PID control ) as the above is 35 according to the Working Example of the present invention . 
being performed , the control signal 6 configured as the sum Since these two response curves are mostly overlapped , it is 
of the initial value and the PID compensation value is output found that change is hardly observed in response time even 
to the flow control valve 2 . Since the effectiveness of the when the temperature of gas rises from 25° C . to 60° C . in 
present invention can be acquired sufficiently even when the the mass flow controller according to the present invention . 
adjustment of the intensity of the control signal 6 based on 40 On the other hand , a long dashed short dashed line curve 
the measured temperature ( signal correction processing ) , furthest from the set flow rate in FIG . 2 shows a response 
which is a feature of the present invention , is performed only curve when the temperature of nitrogen gas is 60° C . , which 
on the initial value , a control action by the control means 4 was measured using a mass flow controller according to a 
can be performed stably , while reducing the calculation load Comparative Example . This mass flow controller has the 
( operation load ) in the control means 4 , by omitting the 45 same specification as that of the mass flow controller with 
signal correction processing on the PID compensation value the maximum flow rates of 5 slm , according to the Working 
to simplify the whole control action . Example of the present invention , but does not perform the 

adjustment of the intensity of the control signal depending 
Working Example 1 on the difference between the temperatures of the gas ( signal 

50 correction processing ) . It is found that response time corre 
Three kinds of mass flow controllers according to the sponding to the response curve for this Comparative 

present invention , which comprise a normally closed type Example is longer as compared with those corresponding to 
flow control valve comprising a piezoelectric element and a other response curves . 
diaphragm valve , a thermal type mass flow meter , a control Next , response time was acquired from a response curve 
circuit board constituting a control means and a thermom - 55 for each of various levels measured by the above - mentioned 
eter , with maximum flow rates set to three levels of 0 . 1 , 5 method . Here , the “ response time ” means a time period 
and 50 slm were prepared . Using these mass flow control - since the set flow rate was changed until the measured flow 
lers , the control signals ( voltage ) output to the piezoelectric rate reaches 98 % of the set flow rate . For each of the set flow 
element when primary pressure of nitrogen gas is set to four rates of 100 % and 50 % , the response time when the tem 
levels of 150 , 250 , 350 and 450 kPa and the set flow rates 60 perature of nitrogen gas is 25° C . , the response time when 
are set to seven levels of 2 , 5 , 10 , 25 , 50 , 75 and 100 % of the temperature of nitrogen gas is 60° C . and difference 
the maximum flow rates are measured respectively for two between both are respectively shown in Table 1 . Moreover , 
levels of temperature of nitrogen gas of 25° C . , and 60° C . as Comparative Examples , the response time measured 
Under any condition , a value of the control signal ( volt - using a mass flow controller which does not adjust the 

age ) output to the piezoelectric element at 60° C . was higher 65 intensity of the control signal based on the difference in the 
as compared with that when the temperature of nitrogen gas temperature of gas ( signal correction processing ) are also 
was 25° C . Namely , at an identical mass flow rate , the valve shown in Table 1 . 
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0 . 56 

TABLE 1 forms ) shown by the flow meter were measured respectively . 
As an example , a response waveform when the flow rate 

Set Flow Response Time [ s ] range is Bin8 , the set flow rate is 50 % and the primary 
Rate [ % ] 25° C . 60° C . Difference [ s ] pressure of nitrogen gas is 350 kPa is shown in FIG . 3 . ( a ) 

5 of FIG . 3 is a response waveform in the mass flow controller Working Example 0 . 60 0 . 62 0 . 02 according to the Comparative Example , which does not Comparative Example 0 . 60 0 . 95 0 . 35 
Working Example 50 0 . 56 0 . 61 0 . 05 perform the signal correction processing , and ( b ) of FIG . 3 
Comparative Example 1 . 26 0 . 70 is a response waveform in the mass flow controller accord 

ing to the Working Example of the present invention , which 
10 performs the signal correction processing . As shown in Table 1 , in the mass flow controller accord The horizontal axis of FIG . 3 shows time [ s ] from a ing to the Working Example of the present invention , the starting point ( zero ) when 50 % of the set flow rate is input change amount of the response time due to the temperature into the control means 4 . Moreover , the vertical axis shows 

change from 25° C . to 60° C . was at most 0 . 05 s or less , and the set flow rate [ % ] , the measured flow rate [ % ] of nitrogen 
the differences in the response time were small . On the other 15 gas measured by the flow meter , and the valve opening [ % ] 
hand , the difference in the response time of the Comparative of the flow control valve . A graph expressed by a solid line 
Example was as large as 0 . 35 s when the set flow rate was rectangle shows change of a value of the set flow rate . In 
100 % , and the difference of the response time when the set both ( a ) and ( b ) of FIG . 3 , the set flow rate changes from 0 
flow rate is 50 % became further larger to be 0 . 70 s . From to 50 % when time is zero , and it is being maintained at 50 % 
these results , it is found that the change of the response time 20 thereafter . 
due to the difference in the temperature of gas is reduced A graph with expressed by a broken line curve shows the 
largely as compared with the mass flow controller according valve opening [ % ] of the flow control valve , and a graph 
to a conventional technology since the control signal is expressed by a solid line curve shows the measured flow rate 
adjusted according to the temperature of gas in the mass flow [ % ] of nitrogen gas . It is found that rise up of the valve 
controller according to the present invention . 25 opening of the flow control valve and the measured flow rate 

of nitrogen gas with respect to the change of the set flow rate 
Working Example 2 is quicker in a case where the signal correction processing is 

performed in the flow rate control ( Working Example shown 
In the above - mentioned Working Example 1 , it has been in ( b ) of FIG . 3 ) , as compared with that in a case where the 

confirmed that the delay in the response time due to rising 30 signal correction processing is not performed ( Comparative 
of the measured temperature of gas from the reference Example shown in ( a ) of FIG . 3 ) . Namely , it is found that the 
temperature is reduced largely , as compared with a mass delay in the response time of the valve opening of the flow 
flow controller according to a conventional technology control valve and the measured flow rate of nitrogen gas 
which does not perform the signal correction processing in with respect to the change of the set flow rate was reduced 
the flow rate control , in accordance with the mass flow 35 by performing the signal correction processing in the flow 
controller according to the present invention which performs rate control . 
the signal correction processing in the flow rate control . Next , the result of acquisition of the response time from 

In this Working Example , using mass flow controllers the response curve for each of various levels measured by 
which have the same configuration as those in Working the above - mentioned method is shown in Table 2 . Here , the 
Example 1 , flow rate ranges were set to two levels of Bin6 40 “ response time ” also means a time period since the set flow 
( 3001 to 10000 sccm ( standard cubic centimeter per min - rate was changed until the measured flow rate reaches 98 % 
ute ) ) and Bin8 ( 10001 to 30000 sccm ) . Namely , in this of the set flow rate . 
Working Example , the maximum flow rates were set to two 
levels of 10000 sccm and 30000 sccm . Moreover , the set TABLE 2 
flow rates were respectively set to three levels of 10 % , 50 % 45 
and 100 % of each of the maximum flow rates . Furthermore , Primary Set Flow Response Time [ s ] 
the calibration of these mass flow controllers was performed Flow Rate Range Pressure Rate Signal Not Signal using nitrogen gas , at the primary pressure of 500 kPa and ( Max . Flow Rate ) [ kPa ] [ % ] Corrected Corrected the reference temperature of 22° C . 

In addition , as for the mass flow controller with the 50 Bino 300 0 . 66 0 . 23 
( 10000 sccm ) 0 . 58 0 . 30 flow - rate range set to Bino ( maximum flow rate = 10000 100 0 . 55 0 . 35 

sccm ) , the primary pressure of nitrogen gas was set to two 0 . 92 0 . 58 
levels of 300 kPa and 500 kPa . On the other hand , as for the 0 . 77 0 . 56 
mass flow controller with the flow rate range set to Bin8 100 0 . 79 0 . 64 

Bin8 0 . 70 0 . 49 ( maximum flow rate = 30000 sccm ) , the primary pressure of 55 ( 30000 sccm ) 50 0 . 58 0 . 50 
nitrogen gas was set to two levels of 350 kPa and 500 kPa . 100 0 . 65 0 . 57 
In addition , as for both of the mass flow controllers , the 500 0 . 73 0 . 54 

50 0 . 61 0 . 52 measured temperature of nitrogen gas was 50° C . 
100 0 . 61 0 . 54 For each of the above - mentioned twelve levels ( combi 

nations of two levels of the maximum flow rates , three levels 60 
of the set flow rate , and two levels of the primary pressure ) As shown in Table 2 , it is also found that the response time 
of the mass flow controllers , two levels of a case where the in the mass flow controller according to the Working 
signal correction processing in the flow rate control was Example of the present invention , which performs the signal 
performed ( Working Example of the present invention ) and correction processing in the flow rate control ( Signal Cor 
a case where the signal correction processing was not 65 rected ) , is shorter as compared with the response time in the 
performed ( Comparative Example ) were set up , and the time mass flow controller according to the Comparative Example , 
changes of the flow rate of nitrogen gas ( response wave which does not performs the signal correction processing in 
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the flow rate control ( Signal Not Corrected ) , at any of the 4 . The mass flow controller according to claim 1 , wherein : 
flow rate rage ( maximum flow rate ) , the set flow rate and the said control means is configured to perform said flow rate 
primary pressure . Namely , it is found that the delay ( in control by feedback control in which a flow rate 
crease ) in the response time due to a state where the difference which is a difference acquired by subtracting 
measured temperature ( 50° C . ) is higher than the reference 5 said measured flow rate from said set flow rate is 
temperature ( 22° C . ) was reduced . brought close to zero by changing intensity of said 

control signal when the absolute value of said flow rate 
The invention claimed is : difference is a predetermined threshold or more . 
1 . A mass flow controller comprising : 5 . The mass flow controller according to claim 1 , wherein : 
a flow control valve configured such that a valve opening 10 said control means is configured to perform said flow rate 

control by feedback control in which a flow rate of said flow control valve can be changed ; difference which is a difference acquired by subtracting a flow meter configured to measure a flow rate of gas said measured flow rate from said set flow rate is passing through said flow control valve ; brought close to zero by changing intensity of said 
a thermometer configured to measure a temperature of control signal when the absolute value of said flow rate 

said gas ; and 15 difference is a predetermined threshold or more ; and 
a control means configured to output a control signal to the intensity of said control signal in said flow rate control 

said flow control valve to control said valve opening ; is configured as a sum of an initial value determined 
said control means is configured to : based on said set flow rate and said measured tempera 

obtain an absolute value of a temperature difference , ture and a compensation value determined based on 
said temperature difference is a difference acquired 20 said flow rate difference , and 
by subtracting a predetermined reference tempera said control means is configured to perform said signal 
ture from a measured temperature , wherein the mea correction processing only on said initial value and not 
sured temperature is a temperature of said gas mea to perform said signal correction processing on said 
sured by said thermometer ; compensation value . 

perform flow rate control in which said control means 25 6 . The mass flow controller according to claim 1 , wherein : 
outputs said control signal to said flow control valve said flow control valve is configured such that said valve 
to control said valve opening such that a measured opening becomes larger as intensity of said control 
flow rate which is a mass flow rate of said gas signal becomes larger , and 
measured by said flow meter matches a set flow rate said control means is configured to set , as a value of the 
as a target value of a mass flow rate of said gas ; 30 intensity of said corrected control signal , a value 

perform signal correction processing in which said acquired by adding a value acquired by multiplying a 
control means outputs a corrected control signal to value of said temperature difference by a temperature 
control said valve opening ; correction coefficient , to a value of intensity of an 

adjust said corrected control signal such that an abso unadjusted control signal , in said signal correction 
lute value of a change amount of said valve opening 35 processing , wherein : 
in said flow rate control becomes larger as an abso said control means is configured to perform said flow rate 
lute value of said temperature difference becomes control by feedback control in which a flow rate 
larger when said measured temperature is higher difference which is a difference acquired by subtracting 
than a reference temperature ; and said measured flow rate from said set flow rate is 

adjust said corrected control signal such that the abso - 40 brought close to zero by changing intensity of said 
lute value of the change amount of said valve open control signal when the absolute value of said flow rate 
ing in said flow rate control becomes smaller as the difference is a predetermined threshold or more . 
absolute value of said temperature difference 7 . The mass flow controller according to claim 6 , wherein : 
becomes larger when said measured temperature is the intensity of said control signal in said flow rate control 
lower than said reference temperature . is configured as a sum of an initial value determined 

2 . The mass flow controller according to claim 1 , wherein : based on said set flow rate and said measured tempera 
said flow control valve is configured such that said valve ture and a compensation value determined based on 

opening becomes larger as intensity of said control said flow rate difference , and 
signal becomes larger , and said control means is configured to perform said signal 

said control means is configured to set , as a value of the 50 correction processing only on said initial value and not 
intensity of said corrected control signal , a value to perform said signal correction processing on said 
acquired by adding a value acquired by multiplying a compensation value . 
value of said temperature difference by a temperature 8 . The mass flow controller according to claim 1 , wherein : 
correction coefficient , to a value of intensity of an said flow control valve is configured such that said valve 
unadjusted control signal , in said signal correction 55 opening becomes larger as intensity of said control 
processing . signal becomes smaller , and 

3 . The mass flow controller according to claim 1 , wherein : said control means is configured to set , as a value of the 
said flow control valve is configured such that said valve intensity of said corrected control signal , a value 

opening becomes larger as intensity of said control acquired by subtracting a value acquired by multiplying 
signal becomes smaller , and 60 a value of said temperature difference by a temperature 

said control means is configured to set , as a value of the correction coefficient , from a value of intensity of an 
intensity of said corrected control signal , a value unadjusted control signal , in said signal correction 
acquired by subtracting a value acquired by multiplying processing ; wherein : 
a value of said temperature difference by a temperature said control means is configured to perform said flow rate 
correction coefficient , from a value of intensity of an 65 control by feedback control in which a flow rate 
unadjusted control signal , in said signal correction difference which is a difference acquired by subtracting 
processing . said measured flow rate from said set flow rate is 

45 
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brought close to zero by changing intensity of said 
control signal when the absolute value of said flow rate 
difference is a predetermined threshold or more . 

9 . The mass flow controller according to claim 1 , wherein : 
said flow control valve is configured such that said valve 5 

opening becomes larger as intensity of said control 
signal becomes smaller , and 

said control means is configured to set , as a value of the 
intensity of said corrected control signal , a value 
acquired by subtracting a value acquired by multiplying 10 
a value of said temperature difference by a temperature 
correction coefficient , from a value of intensity of an 
unadjusted control signal , in said signal correction 
processing ; wherein : 

said control means is configured to perform said flow rate 15 
control by feedback control in which a flow rate 
difference which is a difference acquired by subtracting 
said measured flow rate from said set flow rate is 
brought close to zero by changing intensity of said 
control signal when the absolute value of said flow rate 20 
difference is a predetermined threshold or more ; 

the intensity of said control signal in said flow rate control 
is configured as a sum of an initial value determined 
based on said set flow rate and said measured tempera 
ture and a compensation value determined based on 25 
said flow rate difference , and 

said control means is configured to perform said signal 
correction processing only on said initial value and not 
to perform said signal correction processing on said 
compensation value . 30 

* * * * * 


